One of the most important characteristics of a concept of attention is the process or means by which one stimulus is selected for processing from among a number of equally potent alternatives. For the case of visual attention, there is controversy over whether this selection is based on objects or on spatial location. Object-based theories (e.g., those of Driver & Baylis, 1989; Kahneman & Henik, 1981; Prinzmetal, 1981; van der Heijden, 1992) emphasize that selection is based on objects that preattentive processes have constructed in the visual field, whereas space theories posit that attention or attentional resources are directed or distributed to locations in the visual field.
Location as opposed to other dimensions such as color, size, and orientation is given a special status in space theories of attentional selection (see, e.g., Tsal & Lavie, 1988) . Although there are different versions of space theories, the spotlight models (see, e.g., LaBerge, 1983; Posner, Snyder, & Davidson, 1980; Tsal, 1983) , the zoom lens model (C. W. Eriksen & Yeh, 1985) , and the gradient models (see, e.g., Downing, 1988; LaBerge & Brown, 1989) all conclude that the attentional focus has a measurable extent in the visual field that limits or selects the information available for detailed processing.
The evidence for the spatial nature of visual attentional selection comes from two main sources. The first con-sists of results obtained with the use of single-item displays in which the location of the item varies from trial to trial. If the item location is precued by 50-150 msec before target onset, the reaction time (RT) for identification is reduced by as much as 30-40 msec (C. W. Eriksen & Hoffman, 1973 . This finding has been confirmed by a number of other investigators (e.g., Tsal, 1983; van der Heijden, Wolters, & Enkeling, 1988) , and van der Heijden, Schreuder, and Wolters (1985) have shown that recognition accuracy is also improved when target location is precued.
These results have been interpreted in terms of the head start with which the precue provides the attentional spotlight or focus in aligning with the target location in the visual field. However, alternative interpretations have been proposed. Duncan (1980) has argued that location cues operate as criteria for selection in the same way as do color, size, orientation, or other dimensional cues. In the absence of a location precue, attention has to address each possible location in the visual field until the target is found. In his view, the precue expedites processing by eliminating this search of the "empty" area in the visual display. (See Tsal, 1983 , for a critique of this position.) Murphy and C. W. Eriksen (1987) also have suggested a nonattentional interpretation of the precuing effect for single-target displays. They note the considerable evidence that the visual system processes location and features with at least partial independence (see, e.g., Coles, Gratton, Bashore, C. W. Eriksen, & Donchin, 1985; Estes, 1978; Treisman & Gelade, 1980) . Further, Treisman and colleagues (Treisman & Gelade, 1980; Treisman & Souther, 1985) have proposed that the features of a form stimulus are separately processed and are integrated into a shape Copyright 1993 Psychonomic Society, Inc. 134 or identity by their common location on a location map that has been independently processed. Since we can reasonably assume that both feature and location processing have variable latencies, to give location processing a head start by means of a location precue would, on the average, result in less time for the integration of features on the location map. The time saved would be even greater if, as suggested by the results of Coles et al. (1985) , location processing tended to be slower than feature analysis. If precues worked in this manner, it would account for the decrease in choice RT obtained with single-item displays and, more importantly, would essentially render these precuing experiments moot as far as an attentional interpretation was concerned. The second source of evidence for a spatial distribution of an attentional focus is more impressive. It consists of experiments performed to study the extent to which nontarget stimuli are processed along with the target stimulus. In a number of these experiments (e.g., those of LaBerge & Brown, 1986; Miller, 1991; Yantis & Johnston, 1990) , researchers have employed the responsecompetition paradigm introduced by C. W. Eriksen and Hoffman (1973) and B. A. . In the basic paradigm, choice RT is employed, and the target forms are divided into two classes, each of which requires a separate identifying response. When a visual display is presented, the target on that trial occurs in a clearly defined location. The response-competition effect consists in an elevated RT when the display also contains in an irrelevant location a form from the other response class (noise form). If, on the other hand, the noise form is from the same response class as is the target on that trial, little or no effect on RT is obtained. In the latter case, even though the noise letter is processed along with the target, the response associated with the noise form is compatible with the target response and there is no response competition (Coles et al., 1985; C. W. Eriksen, Coles, Morris, & O'Hara, 1985) .
The response-competition effect provides a sensitive measure of the location or distribution of the attentional focus in the visual field. The distance of the incompatible noise form from the designated target location can be systematically varied and the size of the response-competition effect assessed (C. W. Eriksen & Hoffman, 1973; C. W. Eriksen & St. James, 1986; Miller, 1991; . The presenceof response competition indicates that the incompatible noise letter has been processed along with the target, whereas the absence of competition indicates that the attentional focus has been narrow enough or the selection precise enough so as to exclude the irrelevant stimulus.
The results from these experiments have shown that the response-competition effect decreases with increasing target-noise separation (C. W. Eriksen & Hoffman, 1973; C. W. Eriksen & St. James, 1986; Miller, 1991; Yantis & Johnston, 1990) . If sufficient time in the form of a location precue is provided, incompatible noise stimuli located beyond about a degree of visual angle from the target are found to have no measurable effect (C. W. Eriksen and Hoffman, 1973; . This strongly suggests that visual attentional selection can be precise enough to exclude irrelevant stimuli if there is a minimal spatial separation between the attended stimulus and competing stimuli (Miller, 1991; Yantis & Johnston, 1990) .
Similar spatial effects have been obtained with manipulations of the spatial extent of the attentional focus (see, e.g., Downing & Pinker, 1985; C. W. Eriksen & St. James, 1986; LaBerge, 1983; LaBerge & Brown, 1986 . C. W. Eriksen and St. James (1986) manipulated the spatial extent of the attentional focus by varying the number of contiguous positions on a circular display that were precued. Incompatible noise stimuli located within the cued area produced significantly greater response competition than did noise letters outside the precued area. Furthermore, the amount of response competition produced by incompatible noise letters outside the cued area decreased as the distance of these noise letters from the cued area increased.
LaBerge and Brown (1986) manipulated the size of the attentional focus by varying the difficulty of the required discrimination. They assumed that the more difficult the discrimination, the more finely drawn would be the focus. The response competition produced by an incompatible noise letter located at a constant distance from the target decreased as the focus became more precise.
The research summarized above shows quite clearly that attention has a measurable extent in the visual field, but there remain questions about the shape or configuration of the focus as well as about how this attended area is produced. LaBerge and Brown (1989) conceive of the attended area as a gradient that can be contracted or extended according to task demands, but their research has explored only the single linear dimension of this gradient. Spotlight models have not directly addressed the shape issue, but this analogy implies that the attended area is circular in shape. It may be, however, that the attended area is configured to suit the task. In this case, we might ask whether the attended area is homogeneous and circumscribed or whether it permits regions of varying concentration, as seems to be allowed for in the gradient model of LaBerge and Brown (1989) .
In both the gradient and the spotlight conceptions of the attentional field, it is assumed that the attended area is one of enhanced processing and that interference from distractors is due to their enhanced processing along with that of the target stimulus. However, Hughs and Zimba (1985, 1987) have proposed that the area around attended targets represents inhibition. From this conception, the interference from distractors would represent failures or limits on the inhibition process, and the area within which distractors are effective would map out the borders ofthe inhibitory field. This border would be the extent to which inhibition extends toward the attended object rather than the demarcation line of enhanced processing extending out from the attended object. After presenting the results ofour experiments, we will more fully consider an interpretation of the attentional field as an inhibition-free area.
In the present research, we have used a same-different task to study the attentional distribution in the visual field. This task has the advantage of requiring attention to both members of the target pair and allows us to manipulate in two dimensions the size of the area that needs to be attended. It also permits us to determine whether there is a single circumscribed area that is attended or whether attention can be simultaneously concentrated on two separated locations in the visual field. The two forms constituting the target pair can be separated by varying distances in both the vertical and horizontal dimensions, and since same-different judgments have been shown to be quite sensitive to response-competition effects (C. W. Eriksen & O'Hara, 1982; C. W. Eriksen, O'Hara, & B. [A.] Eriksen, 1982; Keren, O'Hara, & Skelton, 1977; Krueger, 1978; O'Hara, 1980; St. James & C. W. Eriksen, 1991) , the extent or two-dimensional shape of the attended area can be assessed by probing the visual field at different locations with response-incompatible noise stimuli. Keren et al. (1977) were among the first to show that the RTs on same trials in a letter-matching task were appreciably increased if a nonmatching noise letter was presented in the display in an irrelevant location. C. W. have presented a response-competition interpretation of the effect and extended the research to show that RTs on different trials are increased if a nonrelevant noise letter that matches one of the target letters is present in the display (see also Garner, 1988) . Most recently, St. James and C. W. Eriksen (1991) have tied the effect directly to the activation of competing responses. It is consistent with the results from two-choice RT tasks that the presence of response-compatible noise letters (i.e., a letter identical to the targets on same trials and a letter different from both targets on different trials) has little or no effect on judgment RT.
EXPERIMENT 1
The experimental task measured RI for same and dif erent judgments of target letter pairs. In addition to the target letters, each display contained a noise letter in an irrelevant position. On same trials, this noise letter could be either response compatible (identical to the target letters) or incompatible (different from the target letters). On different trials, the noise letter was always response incompatible, since it was identical to one of the target letters. However, in this experiment, the performance on same trials was our primary diagnostic since the effect of incompatible noise on same judgments is more robust and sensitive (Farell, 1985; Keren et al., 1977) .
To produce different sizes of the attentional field, three different target separations were manipulated. Correspondingly, three distances of the noise letter from the targets and the fixation point were manipulated independently from and orthogonally to the target separations.
This design permits the determination of the effective attentional field and of whether processing is uniformly distributed within this field. For example, if the attentional field is circular in shape like a spotlight, the diameter of this circle would roughly correspond to the distance between the letters constituting the target pair. An incompatible noise letter anywhere within this circle should elevate RI by approximately the same amount if processing within the field is uniform. On the other hand, incompatible noise letters falling outside the circle should have little or no effect on RT. The location of compatible noise letters at all target distances should have minimal effects on RT, given the results of the prior research that has been summarized above.
Method
Subjects. Five women and 7 men, undergraduates at the University of Illinois, Urbana-Champaign, served as paid volunteers.
All were right-handedand had normal or corrected-to-normal vision.
Apparatus and Stimuli. The stimuli were presented on a Zenith CRT connected with and controlled by a Zenith Data Systems computer. Luminance was maintained at 37 fL, as measured by a Spectra brightness spot meter. The subjects viewed the stimuli binocularly through a face mask to keep the stimulus distance constant. They initiated the onset of the stimulus by pressing a button held freely in the left hand. This triggered the computer to present a display.
A handrest locatedto the right of the subject contained a small lever that could be moved either to the left or to the right, depending on the category judgment made by the subject. When the subject moved the lever in either direction, the computer recorded which response the subject had made and the RI in milliseconds.
The target and noise letters were all white uppercase Hs and Ss. Each letter subtended 0.23°of visual angle in height. The fixation point was a cross, "+," measuring 0.10, located at the center of the display.
There were four different target displays, consisting of all four possible permutations of the letters H and S. These targets provided two same displays and two different displays. There were three kinds of same displays corresponding to the different noise conditions. In the no-noise condition (control), the display consisted only of the two target letters to be matched. Under the noise-compatible condition, either the noise letter H appeared with the target pair of Hs or the noise letter S appeared with the target pair of Ss. For the noise-incompatible condition, either the noise letter S was presented with the target pair of Hs or the noise letter H was presented with the target pair of Ss. For the different displays, there was a no-noise control condition in which the target pair S and H appeared as the sole letters in the display. On the remainder of the different trials, S or H appeared as incompatible noise with the target pair.
The target letters were arranged either vertically or horizontally.
For half the subjects, the target letters were always positioned one above and one below the fixation point, their positions corresponding to the clock positions 12:00 and 6:00. The two target letters were separated by 0.5°,1.0°,or 2.0°ofvisual angle (0.25°,0.5°,or 1.0°from fixation). For the other 6 subjects, the target letters were always positioned one to the left and the other to the right of the fixation point, their positions corresponding to the 3:00 and 9:00 positions. They were also separated by 0.5°,1.0°,or 2.0°of visual
angle. There were three distances for the noise letter from the fixation point, namely, 0.25°,0.5°,or 1.00 of visual angle. Figure 1 shows the vertically arranged displays and the relative locations of the targets and noise letters. letter appeared to the right and left equally often. For the subjects with the horizontally arranged targets, the noise letter was similarly located above or below the fixation cross.
Procedure. The subjects were instructed to initiate each trial by pressing a button (held in the left hand) when the fixation point was in clear focus. The fixation point remained for 300 msec before it was replaced by the stimulus field for 175 msec. The stimulus field was then followed by the blank field for 1,325 msec, and, upon termination, the fixation cross reappeared. The subjects were instructed to compare the two targets on the basis of physical identity and to move the response lever with the right hand to the left (or the right) ifthe stimuli were physically identical or to the right (or the left) if they were different; these response directions were counterbalanced across subjects. The subjects were also instructed to attend only to the target letters. They were told that the target letters always appeared in exactly the same locations with reference to the fixation point within every block and that any extra letter that appeared in the display was to be ignored. Their task was merely to respond "same" or "different" to the target letters only. The subjects were informed of the distance between the target letters at the beginning of each block. They were further instructed to respond as quickly as possible but to avoid guessing. The subjects were also given accuracy and speed information aftereach trial. Ifthey failed to respond within 1.5 sec, an "error" feedback was given. Each subjectparticipated in three sessions. The first session was considered to be practice, and data collected during this session were excluded from analyses. Before data were collected during the other two sessions, 12 warm-up trials were given.
During each session, nine blocks of trials were presented. The three different target separations were presented in separate blocks, with three blocks for each target separation in each session. The control condition and three different noise distance conditions were randomly arranged within blocks. All blocks contained an equal number of same and different target displays, different noise letter distances, noise at the left or right (or top or bottom), and an equal number of S and H pairs. In total, there were 52 trials per block.
The trials within each block were randomly presented. Error trials were rerun later in the block. The order of block presentation was also arranged within sessions to balance practice effects.
Results
Same judgments. The RT values for same judgments were analyzed in a between-within analysis of variance (ANOVA) with the between-subject effects for the groups that received the vertically oriented targets and the horizontally oriented targets. The three variables of target distance, noise distance, and noise compatibility were within-subject effects. Figure 2 , where mean RT is shown for compatible and incompatible noise for each of the three target separations as a function of the noise distance from fixation. The figure also shows the mean RT obtained in the no-noise control condition at each of the target separations.
Separate analyses of variance for the noise-compatible and noise-incompatible conditions showed that these two conditions had quite different results for noise distance (the control condition was included in the analysis). In the noise-compatible condition, the only significant effect was target separation [F(2,22) whereas in the noise-incompatible condition, both target separation and noise distance had significant effects [F(2,22) = 40.43, and F(3,33) = 11.92, p < .0001, respectively].
At each of the three target distances, a compatible noise letter had little or no effect irrespective of its distance from fixation and the target letters. In no instance did a compatible noise letter differ significantly from the corresponding no-noise control condition (p > .10 by planned comparisons). By contrast, an incompatible noise letter increased RT, relative to the control and compatible condition, with the amount of increase dependent on target separation and noise distance. For all target separations, incompatible noise at 0.25°from the fixation point increased RT significantly relative to the control and compatible conditions (p < .05 by planned comparison). In general, the farther apart the two target letters, the greater the distance at which incompatible noise letter affected RT. When target letters were separated by only 0.5°of angle, an incompatible noise letter had an effect at only the closest location. But when the targets were separated by 2.0, incompatible noise significantly increased RT at both the 0.25°and 0.5°distances (p < .05 by planned comparison). There is also a suggestion in the data that at a target separation of 1.0°the noise effect at the 0.5°d istance is greater for incompatible than for compatible noise but the incompatible noise value is not significantly different from the no-noise control. Figure 3 , mean RT is shown as a function of noise distance for each of the three target separations.
Planned pairwise comparisons were carried out within each of the target separations. When targets were separated by 0.5°,there were no significant differences among the noise distances.
1 However, when targets were separated by 1.0°and 2.0°,RTs were significantly higher when the noise distance was 0.25°than when it was 0.5°. The RTs at 0.5°did not differ significantly from the control and 1.0°distance. Errors. Overall, errors averaged 7.89% on same trials and 4.16% on different trials. A positive correlation existed between latency and errors for both same and different trials (r = .86 and .43, respectively). Thus, a speed-accuracy tradeoff did not occur.
Discussion
To summarize the results, let us consider the geometry of the stimuli in the visual field (See Figure 1) . In the closest target separation, the targets are each 0.25°to the left and right (or above and below) the fixation point. When the noise letter is at the 0.25°distance, all three stimuli can be circumscribed by a circle 0.5°in diameter. The results show that with this configuration, selective attention did not inhibit the processing of the incompati- ble noise letter at least to the point of incipient response activation. Even when the targets were moved to locations 0.5°and 1.0°on either side of fixation, an incompatible noise letter located at only 0.25°from fixation continued to produce essentially the same amount of response competition.
This result is inconsistent with the gradient model (LaBerge & Brown, 1986 ) that would posit two nodes of attentional concentration corresponding to the loci of the two target letters. Such a nonuniform distribution of attention should have reduced the processing of the central noise letter.
A circular attentional field with uniform processing within the circle would accommodate the results with the closest noise spacing (0.25°)but not the data from the 0.5°and 1.0°spacing. When the targets were separated by 1.0°(0.5°left and right or above and below fixation), noise at 0.5°from fixation would be encompassed by the circle as well as the 0.25°noise. But with this target separation, only the 0.25°noise had a significant effect. There is a suggestion that the 0.5°noise had increased RT, but it is quite clear that the 1.0°noise was successfully excluded from response interference. When the targets were 2.0°apart, the attentional field had expanded to include noise at 0.5°but 1.0°noise, which would fall within a circular attentional field, had no significant effect. Rather than being a circle, the attended area appears to be elliptical in shape, with the locations of the targets defining the principal axis and the minor axis increasing with increases in the principal axis.
EXPERIMENT 2
Reaction time for form identification increases as the forms are presented at increasing retinal eccentricities (see, e.g., C. W. Schultz, 1977, and Haber & Hershenson, 1974) . We found in Experiment 1 that RTs for both same and different trials systematically increased as the targets were spaced farther apart (retinal eccentricities of 0.25°,0.5°,and 1.0°).In addition to retinal eccentricity, part of the increase could have been due to less efficient processing as the attentional field was enlarged to encompass the target letters. Whether this is the case cannot be determined, owing to the confounding with retinal locus. But there is another way that retinal eccentricity might have affected the results and their interpretation in Experiment 1. Relative differences in retinal eccentricity between the target letters and the noise letter might have resulted in the noise letter's being processed more slowly than the targets in certain conditions of the experiment and more quickly in other conditions. Thus the lack of effect for an incompatible noise letter at 1.0°e ccentricity when the targets were separated by 0.5°could have been due to the targets' being further along in processing than the more eccentric noise letter. The result would be that the same-different decision would be determined before sufficient information was available from the noise letter to affect the decision. A somewhat similar effect could have occurred when the targets were separated by 2.0°and the noise letter was 0.25°from fixation.
Here the noise letter would be processed faster than the target letters. It is to be noted, however, that the interaction between target separation and the distance of an incompatible noise letter was also present in the conditions in Experiment 1 in which retinal eccentricity was controlled. The incompatible noise letter had no detected effect when the targets were separated by 2.0°of angle and the noise was at the 1.0°distance. In this condition, all three stimuli were equally distant from fixation (1.0°).Similarly, when the targets were separated by 1.0°and the noise was at the 0.5°distance, all were equally distant from fixation but the effect of an incompatible noise was considerably reduced. Thus the elliptical shape of the attentional field that we found appears to be independent of confounding with retinal eccentricity. Nonetheless, we decided to assess what effect, if any, differences in relative eccentricity might have played in the results from the other conditions of the experiment.
Experiment 1 was replicated but with the following modifications. Only two target separations were used, 0.5°and 2.0°,along with two noise distances, 0.25°and 1.0°.In addition to simultaneous presentation of the targets and the noise as in Experiment 1, on one third of the trials the noise letter appeared 25 or 50 msec before the target letters and on another third of the trials the appearance of the noise letter was delayed 25 or 50 msec. If the lack of responsecompetition for the 1.0°noise letter that was found with the 0.5°target separation in Experiment 1 was due to delayed processing of the noise letter, presentation of the noise letter "early" should result in response competition in this condition. Similarly, if the pronounced competition from the incompatible noise letter at 0.25°eccentricity when the targets were separated by 2.0°was due to the early processing of the noise letter, response competition should be eliminated or reduced by delaying the appearance of the noise letter.
Method
Subjects. Seven women and 2 men, undergraduates at the University ofIllinois, Urbana-Champaign, served as paid volunteers. All were right-handed and had normal or corrected-to-normalvision.
Apparatus, Stimuli, and Procedure. The equipment and stimuli were the same as were used in Experiment 1. Here, however, only the two target separations, 0.50 and 2.0°,and the two noise distances, 0.25°and 1.0°,were used. In addition to the simultaneous condition (which was identical to the conditions of Experiment 1), on one third of the trials the noise letter was presented either 25 or 50 msec before the target letters (before condition) and on another third of the trials the noise letter was delayed 25 or 50 msec (after condition). In all three conditions, the target letters were presented for a total of 100 msec. RT was recorded from the onset of the target letters.
Trials were blocked by target separation, and the remaining variables were randomly arranged within blocks. Each block contained ble response competition when the targets were at 0.5°T he results of this analysis were consistent with those separation (0.25°on either side of the fixation point) and of Experiment 1. The small target separation resulted the incompatible noise letter was 1.0°from the fixation in faster RTs than did the large separation (454 vs. point on the orthogonal meridian. However, there was 515 msec), and compatible noise resulted in faster RTs a pronounced response-competition effect at this target than did incompatible noise (484 vs. 500 msec). Though separation if the incompatible noise letter was at the 0.25°n ot quite significant (see Note 2), noise distance again distance. Most importantly, this response-competition efgave faster RTs when the distance was 1.0°(496 msec) fect was but little affected by whether the noise letter was than when the distance was only 0.25°(488 msec). The presented before or simultaneously with the target letters. variable that was new in this experiment, noise-target
Results and
The four upper curves in the figure show somewhat asynchrony, produced faster RTs when the noise preceded comparable effects for the 2.0°target separation. Since the targets (483 msec) than when the noise appeared compatible noise letters were not expected to show resimultaneously with the targets (497 msec) or after them sponse competition, it is not surprising that there is little (498 msec).
difference between compatible noise letters presented at In Figure 4 , mean RT on the same trials for each of the 0.25°and 1.0°distances. But again there was a the two target separations is shown as a function of noise marked competition effect for the incompatible noise letcompatibility and noise distance when the noise appeared ter at the 0.25°distance, and in this case, there was also a suggestion of competition at the 1.0°distance. The com- It is clear from the results above that the noise distance effects obtained in Experiment 1 and in the present experiment cannot be attributed to slower processing (in the case of the 1.0°distance) or more rapid processing (in the case of the 0.25°distance) due to differences in retinal eccentricity between the incompatible noise letter and head start. Also, this head start did not materially increase the targets. With the 0.5°target separation, an incompatible noise letter at the 1.0°distance did not produce response competition even if it was given a 25-50 msec the response competition of the noise letter at the 0.25°a ppeared simultaneously. distance over the effect obtained when noise and targets With the 2.0°target separation, there is a suggestion that the head start may have increased the potency of the noise letter at the 1.0°distance, but the effect is not significantly greater than the effect when targets and noise occur simultaneously. Equally important is the finding that the response competition produced by the incompatible noise at the .25°distance is not attributable to its processing advantage over the targets due to its more favora-ble retinal locus. Delaying the onset of the noise letter by 25 or 50 msec did not diminish its response-competition effects.
There was a significant main effect for noise onset asynchrony in the ANOVA, and the curves in Figure 4 show that this is attributable to overall faster RTs when the noise letter onset preceded the targets. The effect is most clear in the data for the compatible noise letter, where responsecompetition effects are absent. A possible explanation for this RT facilitation is an alerting or first signal effect that has been a finding in comparable experimental arrangements (see C. W. . However, since the effect is mainly obtained with the compatible noise, the effect is most comparable to the results of Flowers and Wilcox (1982) . Like other investigators, Flowers and Wilcox found little or no effect of compatible noise when targets and noise were presented simultaneously, but when the compatible noise onset preceded the target by SOAs of 50 or 67 msec, compatible noise facilitated choice RTs.
As we pointed out above, response-competition effects, although present, are less robust and reliable for different responses than for same responses. The RTs obtained on the different trials were analyzed in a four-way ANOVA (target separation, noise distance, noise asynchrony, and subjects). The main effects for target separation [F(l,8) Overall, errors averaged 10.2% on same trials and 8.4% on different trials. A positive correlation existed between latency and errors for same anddifferent trials (r = .61 and .57, respectively). Thus, again, a speed-accuracy tradeoff did not occur.
GENERAL DISCUSSION

Summary of Findings
Previous experiments that we have cited above have amply demonstrated that response-competitive stimuli within about a degree of angle or less of attended targets are processed at least to the point of identification and incipient response activation. But these experiments have provided us with only limited information about the attended area. The use of two attended targets in the same-different task has enabled us in the present experiments to manipulate the extent of the attended area and to map its two-dimensional characteristics. The major finding of Experiment 1 and its replication in Experiment 2 is that the effect of an irrelevant stimulus depends on its location in the visual field relative to the area requiring attention. A response-incompatible stimulus positioned at a constant location from the fixation point may or may not increase RT, depending on how attention is distributed to accomplish the assigned task.
In keeping with the spotlight metaphor, the results obtained with single-target stimuli (e.g., Andersen, 1990; C. W. Eriksen & Hoffman, 1974; Flowers & Wilcox, 1982; Miller, 1991) have suggested that the attentional field is essentially circular, since the interference effect of response-incompatible stimuli has been found to be a function of their distance from the target irrespective of the direction. The present results show quite clearly that circularity is not an inherent characteristic of the attentional field. Instead, the indications are that the shape is flexible, determined by the spatial arrangement of the attended or target objects. In the present instance, the shape appears to be elliptical, but this shape may be determined by the fact that there were only two targets to be attended. It may well be that the attentional field can assume different configurations, depending on where the relevant stimuli are positioned and corresponding with task demands.
Furthermore, the present findings on the shape of the attentional field are limited, since we have assessed the field only for foveal stimuli. The ratio of principal and minor axes on the ellipse may change for parafoveal stimuli, and the ellipse itself may occur only when there are two separated targets. Also, the attentional field would be expected to be limited as a function of the demands of the task and the discrimination difficulty. With difficult discriminations, the size of the field appears to narrow (LaBerge & Brown, 1989) . If the discriminations in the present experiments had been more difficult, it is possible that attention would have been oriented serially to each of the targets, and, consequently, each target would have had a much smaller and probably circular field surrounding it.
Serial Versus Parallel Processing of Targets
So far we have assumed that both targets are processed simultaneously in a common attentional field, but the possibility of serial processing needs to be considered. Attention could select one target first, and, after processing is initiated, shift to the other target. However, there are several aspects of the data that argue against this. A serial explanation has difficulty in accounting for the pattern of noise interference. One could assume that the attentional focus has a minimal spatial extent, and that, at the closest target separation, the targets and noise are processed in this minimal focus. This would account for the response competition obtained when the incompatible noise is at 0.25°and the targets are separated by 0.5°. But when the targets are separated by 2.0°,competition is found for noise at 0.5°as well. In this instance, the noise is separated from each target by a distance of 1.12°(hypotenuse of a right triangle). If it is argued that the resolution of the separate attentional foci is not sufficient to exclude the 0.5°noise letter, then why is the 0.5°noise letter excluded when the targets are separated by only 1.0°?
As a further example, assume that the attentional focus is circular, with a minimum diameter of 1.0°.With the 1.0°separation of targets, a single focus would include both targets and the noise letter at the 0.25°distance. Thus, responsecompetition would occur. But at the 2.0°t arget separation and with serial attending of the targets, centering the focus on each target serially would exclude not only the noise letter at the 0.5°distance but also the noise letter at 0.25°.And this is contrary to our findings.
To salvage such a model, one could posit that the noise letters are picked up during the attentional shift from one target to the other. To make this plausible would also require the assumption that the analog shift of attention follows a curved path with the degree of curvature increasing with the distance between successive fixations. The latter assumption would be necessary to account for why noise at the 0.5°distance is picked up when the targets are 2.0°a part but not when they are separated by only 1.0°. Shulman, Remington, and McLean (1979) have advanced an attentional model in which attention shifts in such an analog manner, traversing the visual field between targets and processing all intervening stimuli that are encountered en route. However, a reanalysis of their experiments and data (C. W. fails to support such a conclusion. Furthermore, subsequent research has strongly indicated that attention either shifts or indexes locations in the visual field in a discrete manner with the time required for shifts from one location to another to be independent of the distance between the locations (C. W. Eriksen & Webb, 1989; Kwak, Dagenbach, & Egeth, 1991; Sagi & Julesz, 1985 ).
An Explanation in Terms of Sudden Onsets
There is another possible explanation of our results that must be considered, one that is consistent with objectbased theories of attention. In this view, the sudden onset of the two target letters and the noise letter results in attention's being randomly directed to one of the three stimuli (Jonides & Yantis, 1988; Yantis & Jonides, 1984) . On a same trial, attention has a one-third probability of first selecting the incompatible noise letter. When attention is next directed to one of the target stimuli, a "different" response will receive priming that will tend to slow the "same" response that is correctly executed after the two target letters have been processed (see van der Heijden, 1992, chap. 6, for a more detailed exposition of this position). From this viewpoint, attention does not have any spatial representation. Instead, it selects objects in the visual field, and with sudden onsets, which stimulus is initially selected is essentially random. If an incompatible noise letter is selected first, response competition occurs. With three sudden onset stimuli in the field, response competition would be expected to occur on approximately a third of the trials. Since our data are averaged over a number of trials, we cannot determine whether response competition is present in varying degrees on each trial or only on a third of the trials as this model predicts.
However, a detailed consideration ofthe data from Experiment 1 strongly refutes this interpretation. With the 2.0°target separation and noise at 1.0°,all three stimuli onset at the same time and all were 1.0°from fixation. According to the object model of attention, an incompatible noise letter should have been selected on a third of the trials under these conditions and significant response competition should have been obtained. But the results show that no detectable competition occurred under these conditions. Similarly, when targets were separated by 1.0°a nd noise was at 0.5°(all equally distant from fixation), no significant competition effect was obtained, contrary to the prediction of an object-based model. In contrast, with 0.5°target separation and noise at 0.25°,a considerable competition effect was obtained.
The data from Experiment 2 are also quite inconsistent with a "sudden onset object-based" view of attention. Here, in the before condition, the noise letter had an onset of 25 or 50 msec before the onsets of the two target letters. Turning the noise letter on before the targets would certainly seem to bias attentional selection of the noise letter first and increase the competition effect from an incompatible noise letter. Yet our results show that the early onset of an incompatible noise letter did not significantly or materially increase the competition effect over the condition where all three stimuli onset simultaneously.
The Attention Field as an Inhibition Free Area
Although it is quite clear that attention has measurable spatial effects in the visual field, this does not necessarily require that attentional selection is based on location rather than on objects. Attention is more than selection. Van der Heijden (1992) has recently reminded us of the role of intention and expectancy, and it has long been recognized that attention can have inhibitory effects as well as possible facilitating effects on stimulation (see, e.g., Treisman, 1969) . We suggest that the attentional field effects that we have found in the present experiments may represent inhibition or attenuation of irrelevant stimuli rather than a positive selection mechanism. In other words, with our response-competition paradigm, we have been measuring the inner limits of an inhibitory field around the attended or selected stimuli, rather than the outer limits of an activated field surrounding the attended stimulus location.
There is a growing body of experimental evidence showing the role of inhibition in stimulus processing and stimulus selection (see, e.g., AIlport, Tipper, & Chmiel, 1985; Dalrymple-Alford & Budayr, 1966; Lowe, 1979 Lowe, , 1985 Neill, 1977; Neill & Westherry, 1987; Tipper, 1985; Tipper, MacQueen, & Brehaut, 1988) . Neill (1991) has presented an excellent summary of the research in this area and traced out some of its theoretical implications. Most importantly, in the responsecompetition paradigm, distracting flankers have been found to produce negative priming (Neill, 1992, personal communication) . If a stimulus that was a competitive flanker on trial n is now the target on trial n +1, RT is increased over conditions in which the target stimulus on trial n+1 was not a distractor on the preceding trial. These results suggest strongly that inhibitory processes are oper-ating on noise stimuli such as those employed in the present experiments.
The response-competition effects demonstrated in the present experiments and in a number of other investigations summarized above would almost require the inhibition of irrelevant stimulation in order for fast, efficient responses to the relevant or attended stimuli to be achieved. In accord with late-selection views of attention, a large number of stimuli can be processed simultaneously to the level of identification. But selection alone is not sufficient to insure rapid error-free responding, particularly when some of the identified stimuli lead to the incipient activation of competing or interfering responses or behaviors. From a late-selection position, we would expect that all the noise stimuli were identified in the present experiments irrespectively of their distance from the target stimuli, especially since all stimulation was foveal. But only the noise stimuli that were within a given distance of the targets were found to have measurable response effects. We believe that these distance effects are measures of the effectiveness of inhibition of inputs and that this inhibition has a central locus (Tipper et al., 1988) .
As contrasted with a spotlight, Navon (1990) has proposed an aperture metaphor for visual attention. While a spotlight metaphor implies signal enhancement, an aperture is consistent with inhibition or attenuation of nonattended stimuli. We would modify the aperture concept by providing not only for variable size and shape to the aperture but also for varying opacity for the screen or shutter. The results of the present experiments would require that the aperture assume various shapes and sizes, and consideration of the broader manifestations of attention would require that the inhibitory screen vary in intensity of inhibition. Attention is not an "all or none" mechanism. Common observation of our own behavior confirms that there are levels or degrees of attention. The degree of inhibition as well as aperture size would be expected to vary with the intensity of attention. In the experimental paradigms that we have used, attention and its intensity have been measured solely in terms of aperture size and shape, but the experimental instructions to the subjects can be presumed to have induced inhibitory processes at several levels of processing. The instructions have specified what motor responses are to be used, the nature of the presented stimuli, and the mental operations to be performed. These instructions may have placed these relevant responses and mental operations in a heightened state of readiness, but also a level of inhibition has been established for other possible responses or mental operations. The result is a highly selective set ofbehaviors from the subjects.
We suspect that the level of inhibition that the subjects have exerted on the noise stimuli in the present tasks has been tailored to the demands of the primary task. Even though we found that a response-competitive stimulus at a certain spatial distance or separation had been successfully inhibited, the degree of inhibition is probably not much more than was necessary for successful performance. In the dichotic listening task, the presentation of the subject's name or an unusual stimulus in the nonattended ear generally results in disruption of performance (Moray, 1959) . In the present tasks, we would expect similar results. If the subject's name or a "dirty" word had been presented at a noise location where incompatible stimuli had had no observable effect, the inhibition would probably have been insufficient to prevent performance disruption.
